
FAST FLAMES AND DETONATIONS. John H.S. Lee. McGi l l  U n i v e r s i t y ,  817 Sherbrooke St.W. 
Montreal, Quebec H3A 2K6. 

Turbulence and a d i a b a t i c  heat ing by shock waves a re  two impor tan t  phys i ca l  mechanisms 

Ad iaba t i c  compression o f  t he  unburned m ix tu re  

whereby the  combustion r a t e  o f  a g iven f u e l - a i r  m ix tu re  can be increased d r a m a t i c a l l y .  
Apar t  from enhancing the  energy and mass t r a n s p o r t  ra tes ,  t u rbu lence  a l s o  increases the  
area of the  burn ing sur face s i 9 n i f i c a n t l y .  
by shock waves prov ides an e f f e c t i v e  mechanism due t o  the  s t rong  exponen t ia l  temperature 
of chemical r e a c t i o n  ra tes .  The present  paper describes some r e c e n t  i n v e s t i g a t i o n s  o f  
ve ry  f a s t  turbulence flames and detonat ions i n  homogeneous f u e l - a i r  mix tures.  U n l i k e  
most s tud ies  on turbulence flames where the  f lame i s  s t a b i l i z e d  i n  a steady t u r b u l e n t  
f low of unburned mixture,  t h e  present  s tudy deals w i t h  f r e e l y  propagat ing flames where 
turbulence i n  the unburned f l o w  ahead o f  t h e  f lame i s  induced by obs tac les .  Very f a s t  
flames can be generated i n  t h i s  manner and permi ts  a c l o s e r  l ook  a t  t he  t u r b u l e n t  quench- 
i n g  mechanism which even tua l l y  p laces t h e  upper bound on the  maximum t u r b u l e n t  bu rn ing  
r a t e  o f  a given system. 
mechanism t o  achieve the  requ i red  burn ing r a t e  associated w i t h  a supersonic  combustion 
wave. The s t r u c t u r e  o f  de tona t ion  waves i s  one c o n s i s t i n g  o f  m u l t i p l e  shock i n t e r s e c -  
t i o n s  g i v i n g  i t s  un i ve rsa l  c e l l u l a r  s t r u c t u r e .  S i g n i f i c a n t  advances have been made i n  
recen t  years i n  achiev ing a d i r e c t  l i nkage  between the  m ic roscop ic  c e l l u l a r  s t r u c t u r e  o f  
the detonat ion f r o n t  and t h e  va r ious  macroscopic dynamic de tona t ion  p r o p e r t i e s  o f  t h e  
m ix tu re  i t s e l f  (i.e., d e t o n a b i l i t y  l i m i t s ,  i n i t i a t i o n  energy, c h a r a c t e r i s t i c  chemical t imes 
c r i t i c a l  diameter, e t c . ) .  

I 

The detonat ion mode o f  combustion e x p l o i t s  t he  shock hea t ing  

1, 

CHEMICAL KINETIC - FLUII) D Y N A M I C  INTERACTIONS I N  DETONATIONS, E. S. Oran, 
Naval Research l abora to ry ,  Code 40110, Washington D. C . ,  20375. 1 

I n  t h i s  review we summarize t h e  work done &t t h e  Naval Research l abora to ry  aimed a t  
dec iphe r ing  some of t h e  important  b a s i c  i n t e r a c t i o n s  occur r ing  i n  de tona t ions  i n  gase- 
ous mixtures .  'Ihe t o o l s  f o r  t h e s e  s t u d i e s  have been one- and two-limensional numerical  
models which couple  a d e s c r i p t i o n  of t h e  f l u i d  dynamics t o  d e s c r i p t i o n s  o f  t h e  d e t a i l e d  
chemical k i n e t i c s  and p h y s i c a l  d i f f u s i o n  p rocesses .  
i )  t h e  s e n s i t i v i t y  of i g n i t i o n  t imes  t o  p e r t u r b a t i o n s  i n  p r e s s u r e  or  t empera tu re  111; 
i i)  t h e  s t r u c t u r e  of i g n i t i o n  behind shock waves and t h e  t r a n s i t i o n  t o  de tona t ion  121; 
i i i)  d e t a i l e d  s i m l a t i o n s  of t h e  propagat ion of de tona t ions  and t h e  s t r u c t u r e  of detona- 
t i o n  c e l l s  131; i v )  p a r e r e n e r g y  r e l a t i o n s  f o r  de tona t ion  i n i t i a t i o n  141. We w i l l  
emphasize t h e  common f a c t o r s  i n  t h e s e  t o p i c s ,  all of which invo lve  a c l o s e  coup l ing  
between f l u i d  dynamics and c h e d c a l  k i n e t i c s .  This coup l ing  i s  e s p e c i a l l y  appa ren t  
i n  ca ses  o f  weak i g n i t i o n  o r  marginal  de tona t ions .  

Four t o p i c s  will be d i s c u s s e d ;  

1- 

I 
(1) E.S. Oran and J.P. Roris Weak and S t rong  I g n i t i o n ,  11. i n  Combust. Flame, Nov., 

2 OR? A,"- 

( 2 )  K. G i l a s a n a t h  and E. Oran, t o  appea r  Combust. Sci. Tech., 1983. 
( 3 )  V.S. Oran, T. R .  Young, J.P. Ibr is ,  M.J. Picone, and D. H. Edwards, Proceedings of 

(4) K. Ka i l a sana th ,  i n  p repa ra t ion .  
t h e  13th Symposium on Combustion, t o  appea r  1983. 
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CHE3ICAL KINETIC FACTORS I N  GASEOUS DETONATIONS. C. K. Westbrook. Lawrence L i v e r -  
more Nat iona l  Laboratory,  P. 0. Box 808, Livermore, C a l i f o r n i a  94550. 

Computer model ing techniques have been app l ied  t o  s tudy  hydrogen and hydrocarbon 
o x i d a t i o n  i n  gaseous de tonat ion  waves. 
computed f o r  combust ib le gas m i x t u r e s  which have been compressed and heated by a shock 
wave t r a v e l i n g  a t  the Chapman-Jouguet de tonat ion  v e l o c i t y .  These c h a r a c t e r i s t i c  times 
and lengths c o r r e l a t e  w e l l  w i t h  observed de tonat ion  parameters, i n c l u d i n g  c r i t i c a l  tube 
diameters f o r  t r a n s i t i o n  t o  s p h e r i c a l  detonat ion,  de tonat ion  c e l l  s izes ,  c r i t i c a l  
i n i t i a t i o n  energies,  and lean and r i c h  l i m i t s  f o r  de tonat ion  i n  a l i n e a r  tube. Deta i led  
k i n e t i c  ana lys is  o f  the s t r u c t u r e  of  t h e  i n d u c t i o n  zone i n  these models has been c a r r i e d  
o u t  and provides a g rea t  deal o f  new i n s i g h t  and in fo rmat ion .  I n  p a r t i c u l a r ,  these 
r e s u l t s  show how k i n e t i c  m o d i f i c a t i o n  o f  de tonat ion  parameters can occur. I n h i b i t i o n  o r  
e x t i n c t i o n  o f  a de tonat ion  i s  shown t o  occur from increases i n  t h e  i g n i t i o n  delay time, 
and increased d e t o n a b i l i t y  o r  k i n e t i c  s e n s i t i z a t i o n  r e s u l t s  from decreased i g n i t i o n  
de lay  times. Both  processes are  exp la ined by t h e i r  i n f l u e n c e  on d e t a i l s  i n  the r e a c t i o n  
mechanisms used by the numerical  model. 

C h a r a c t e r i s t i c  r e a c t i o n  t imes and length: are 

PERTURBED OSCILLATORY REACTIONS AND EFFICIENCY OF ENGINES. John Ross S t a n f o r d  
U n i v e r s i t y ,  Department o f  Chemistry,  Stanford.  C a l i f o r n i a  9 m T '  

The combustion of c e r t a i n  r e a c t a n t s  (CH CHO. C H isobutane) r u n  i n  a w e l l  s t i r r e d  I 

cont inuous r e a c t o r  show a v a r i e t y  of  n o n l i a e a r  prap!%ties i n c l u d i n g  m u l t i p l e  s t a t i o n a r y  
s ta tes ,  and s imp le  and complex temporal  o s c i l l a t i o n s  o f  c o n c e n t r a t i o n s  of chemical  i n t e r -  
mediates. Ex terna l  p e r i o d i c  p e r t u r b a t i o n s  of o s c i l l a t o r y  r e a c t i o n s  l e a d  to e n t r a i n w n t ,  
quas i -per iod ic  v a r i a t i o n s ,  resonance responses i n  amplitudes, phase l o c k i n g ,  and the 
p o s s i b i l i t y  o f  a degree of c o n t r o l  of  d i s s i p a t i o n  and hence e f f i c i e n c y  o f  t h e  combustion 
process. 
ti on. 

, We conclude w i t h  a new example Of  an engine which uses AG, not AH, o f  a reac-  

A REVIEW OF PLASMA JET IGNITION. R. M. Clements, Department of Phys ics ,  
Univers i ty  of V i c t o r i a ,  V i c t o r i a ,  B r i t i s h  Columbia, Canada, V8W 2Y2. 

During t h e  l a s t  decade o r  so t h e r e  has  been c o n s i d e r a b l e  i n t e r e s t  i n  l e a n  burn .. 
i n t e r n a l  combustion engines.  The m o t i v a t i n g  reasons  f o r  t h i s  a r e  t h e  reduct ion  of 
p o l l u t a n t s  and i n c r e a s e d  f u e l  economy. However such mixtures  a r e  d i f f i c u l t  t o  i g n i t e  
and have longer  burn t imes by comparison t o  s t i o c h i o m e t r i c  mixtures.  One way of 
a l l e v i a t i n g  t h e s e  problems is wi th  plasma j e t  i g n i t i o n .  
t h e  i g n i t e r  a s  wel l  a s  t h e  a s s o c i a t e d  e l e c t r i c a l  c i r c u i t r y  r e q u i r e d  t o  power t h e  
i g n i t e r  w i l l  be discussed .  

t h e  absence of a combustable mixture .  This  w i l l  be done i n  t h e  l i g h t  of t h e  r e l a t i v e  
r o l e s  of f l u i d  mechanical t u r b u l a n c e  and chemical e f f e c t s .  F i n a l l y  t h e  p r a c t i c a l  
a s p e c t s  of u s i n g  t h e s e  i g n i t e r s  i n  i n t e r n a l  combustion engines  and t h e  a s s o c i a t e d  
problems w i l l  be reviewed. 

The mechanical c o n s t r u c t i o n  Of 

The i g n i t e r  produces a "puff" of gas which i s  t h e  i g n i t i o n  
k e r n e l .  How t h i s  "puff" behaves w i l l  be examined when it is e i t h e r  i n  the  presence  O r  J 
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EXPERIMENTAL AND COMPUTATIONAL STUDIES OF THE CHEMISTRY OF IGNITION PROCESSES. 
Thompson M .  Sloane and John W .  R a t c l i f f e ,  Physical Chemistry Department, General 
Motors Research Labora to r i e s ,  Warren, Michigan 48090 

In order  t o  explore  the  d e t a i l e d  chemistry of i g n i t i o n  by e l e c t r i c  spa rk ,  plasma 
j e t ,  and photochemical methods, a molecular beam mass spec t rometer  system f o r  making 
t ime-resolved measurements o f  t r a n s i e n t  combustion phenomena has been cons t ruc t ed .  
Radicals as  well as  s t a b l e  components o f  a propagating flame a n d  of  an i g n i t i o n  kernel 
have been de tec t ed .  
p rocesses  involved i n  t h e  i g n i t i o n  a s  well a s  t h e  n a t u r e  of t h e  i n t e r a c t i o n  of t he  flame 
with t h e  sampling cone. 
s t u d i e s  o f  i dea l i zed  i g n i t i o n  p rocesses .  Such computations,  which employ a one-dimen- 
s iona l  model t h a t  inc ludes  d e t a i l e d  chemical k i n e t i c s  and f l u i d  mechanics, are he lp fu l  
in understanding t h e  chemis t ry  o f  i g n i t i o n  processes .  
computational r e s u l t s  w i l l  be p re sen ted .  

Simultaneous s c h l i e r e n  photographs c h a r a c t e r i z e  the  physical 

These experimental  r e s u l t s  a r e  supplemented w i t h  computational 

Our most r ecen t  experimental  and 

NITROGEN CHEMISTRY I N  FLAMES: OBSERVATIONS AND DETAILED K I N E T I C  MODELING. e 
Dean, M .  S. Chou and D .  S t e r n .  Exxon Research and Engineer ing Company, Corpora te  

Research-Science L a b o r a t o r i e s ,  P.O. Box 4 5 ,  Linden, N e w  J e r s e y  07036. 

S p a t i a l l y  reso lved  concent ra t ion  p r o f i l e s  of NH3, NH , NH, NO, and OH have been meas- 
ured i n  r i c h  ( 8  = 1.28-1.81) a tmospheric  p r e s s u r e  NH3/O23N2 f lames.  A l l  s p e c i e s  o t h e r  
than  NO were obsfrved v i a  l a s e r  a b s o r p t i o n .  N O  d a t a  w e r e  ob ta ined  v i a  laser induced f l u -  
orescence and c a l i b r a t e d  by a b s o r p t i o n  measurements i n  l e a n  ammonia f lames .  These meas- 
urements formed t h e  b a s i s  f o r  an e x t e n s i v e  s e r i e s  of mechanis t ic  c a l c u l a t i o n s  t o  b e t t e r  
d e f i n e  the  h igh  tempera ture  k i n e t i c  behavior  i n  ammonia f lames .  The measured NO concen- 
t r a t i o n s  were an Order o f  magnitude lower a t  3-4 mm above t h e  burner  than one  would pre- 
d i c t  from a convent iona l  measurement of ammonia o x i d a t i o n .  
NH3 concent ra t ions  were much lower than  p r e d i c t e d .  
t h a t  "new" r e a c t i o n s  such as NH2 + NH2 t o  u l t i m a t e l y  y i e l d  N2 are important  i n  t h e s e  
f lames.  
v a t i o n s .  
CH4/02/air flames. 
so lved  formation of "prompt NO". 
t h e  flame f r o n t  i s  d iscussed  i n  terms of  an expanded prompt N O  mechanism. 
amples i l l u s t r a t e  t h e  weal th  of k i n e t i c  in format ion  t h a t  can  be obta ined  by coupl ing  l a s e r  
d i a g n o s t i c  techniques  t o  d e t a i l e d  k i n e t i c  c a l c u l a t i o n s  i n  f lames.  
computat ional  techniques  and t h e  a b i l i t y  t o  d i r e c t l y  moni tor  r e a c t i v e  i n t e r m e d i a t e s  have 
presented  k i n e t i c i s t s  w i t h  new o p p o r t u n i t i e s  t o  probe complex f lame systems.  

Furthermore,  t h e  N H ,  NH2, and 
These comparisons s t r o n g l y  scgges t  

I n c l u s i o n  of t h e s e  r e a c t i o n s  y ie lded  r e s u l t s  i n  good agreement w i t h  t h e  obser-  
NO p r o f i l e s  have a l s o  been measured i n  r i c h  (Q = 1.7-1.8) a tmospheric  p r e s s u r e  

These NO measurements are t h e  f i r s t  t o  d e l i n e a t e  t h e  s p a t i a l l y  re- 
The r ise  and subsequent  decay of t h e  NO s i g n a l  w i t h i n  

The above ex- 

The recent advances i n  
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THE FORMATION OF NO AND N2 FROM NH3 I N  FLAMES. 

Ammonia o x i d a t i o n  a t  h i g h  temperatures i s  an i n t e r e s t i n g  k i n e t i c  system o f  Sig- 
n i f i c a n t  techno log ica l  importance f o r  NO fo rmat ion  and d e s t r u c t i o n .  Recent work has 
l a r g e l y  been devoted t o  the  moderate temperature (1300 K )  reg ion  i n  which NH can 
q u a n t i t a t i v e l y  des t roy  NO. T h i s  paper w i l l  descr ibe  flame s tud ies  (1800- 2800 4) o f  
NH o x i d a t i o n  i n  which NH i s  a model compound f o r  the conversion o f  fuel-bound 
ni&ogen t o  NO and N2, A de?ai led (42 r e a c t i o n s )  r e a c t i o n  scheme has been cons t ruc ted  
from l i t e r a t u r e  r a t e  cons tan ts  which p r e d i c t s  o u r  measured f lame speeds, major specie 
p r o f i l e s ,  and NO l e v e l s  i n  ammonia-oxygen-dilutent f lames. These p r e d i c t i o n s  r e q u i r e  
t h a t  the r a d i c a l  pool  s i z e  and the  N /NO branching be c o r r e c t l y  descr ibed. This 
mechanism has been f u r t h e r  t e s t e d  agains? our  measurements o f  NO emissions from CH4-air 
f lames doped w i t h  NH Th is  Fenimore-type " load ing"  experiment i n d i c a t e s  t h a t  
NH i s  p i v o t a l ,  b u t  %hat many r e a c t i o n  p a r t n e r s  (OH, 0, 02, NH2, as w e l l  as F!O) are 
i m i o r t a n t  . 

R. J. B l i n t  and C. J. Dasch. 
Physics Department, General Motors Research Labora tor ies ,  Warren, Michigan 48090. 

and NO. 

CHEMICAL KINETIC EFFECTS IN SOOT FORMATION. I r v i n  Glassman, Kenneth Brezinsky, 
Alessandro Gomez and Fumiaki Takahashi .  Department o f  Mechanical and Aerospace 

Engineer ing,  Room D-329 Engineer ing Quadrangle,  P r ince ton  U n i v e r s i t y ,  P r ince ton ,  New 
J e r s e y  08544. 

ETvidence i n d i c a t e s  t h a t  t h e  f u e l  p y r o l y s i s  r a t e  is t h e  c o n t r o l l i n g  f a c t o r  i n  soo t  
formation.  Under pre-mixed flame c o n d i t i o n s ,  t h e  r a t e  o f  i n c r e a s e  wi th  temperature  of 
f u e l  p y r o l y s i s  t o  form t h e  s o o t  p r e c u r s o r s  i s  s lower than  t h e  r a t e  o f  i n c r e a s e  of o x i -  
d a t i o n .  Thus inc reas ing  t h e  flame t empera tu re  dec reases  t h e  tendency t o  s o o t .  Soot ing 
equivalence r a t i o  d a t a  and chemical k i n e t i c  flow r e a c t o r  r e s u l t s  support  t h i s  p o s t u l a t e  
and show t h a t  p rev ious  l i s t s  c a t e g o r i z i n g  t h e  tendency o f  f u e l s  t o  s o o t  a r e  misleading,  
Recent k i n e t i c  r e s u l t s  on t h e  ox ida t ion  of  aromatics  g i v e s  g r e a t  i n s i g h t  w i th  r ega rd  t o  
+he aromatics  p ropens i ty  t o  s o o t .  Since  t h e r e  i s  no o x i d a t i v e  a t t a c k  o f  t h e  f u e l  i n  a 
d i f f u s i o n  f lame,  s o o t i n g  tendency i n c r e a s e s  wi th  i n c r e a s i n g  flame temperature .  
p o i n t  d a t a  as a func t ion  o f  temperature  r e v e a l s  t h e  importance of f u e l  p y r o l y s i s  k i n e t i c s  
and i n i t i a l  f u e l  s t r u c t u r e .  
on ly  i s  the p y r o l y s i s  r a t e  impor t an t ,  bu t  also t h e  p y r o l y s i s  i n t e rmed ia t e s  formed, 

Smoke 

Flow r e a c t o r  p y r o l y s i s  k i n e t i c  r e s u l t s  i n d i c a t e  t h a t  n o t  

SURFACE GROWTH OF SOOT PARTICLES I N  PREMIXED ETHYLENE FLAMES 
Stephen J. H a r r i s  and An i ta  M .  Weiner. General Motors Research Labora tor ies  

Warren, Michigan 48090. 

Most o f  the  mass of  soo t  p a r t i c l e s  i s  p rov ided by a heterogeneous process c a l l e d  
sur face  growth, i n  which gas phase hydrocarbon molecules (growth species) r e a c t  chemi- 
c a l l y  w i t h  and become incorpora ted  i n t o  t h e  soot  p a r t i c l e s .  
g r e a t l y  increased surface growth found i n  r i c h e r  flames i s  accounted f o r  p r i m a r i l y  by 
the  increased sur face  area a v a i l a b l e  f o r  growth i n  those flames, r a t h e r  than by a 
h igher  concent ra t ion  o f  growth species.  Thus, r i c h e r  flames a r e  s o o t i e r  because they 
have a h igher  n u c l e a t i o n  r a t e .  Dep le t ion  o f  t h e  growth species does n o t  occur i n  our  
flames. Therefore, t h e  f i n a l  mass reached by t h e  soot p a r t i c l e s ,  when surface growth 
has v i r t u a l l y  ceased, i s  determined by a decrease i n  t h e  r e a c t i v i t y  o f  the soot .  Our 
data and our ana lys is  a re  c o n s i s t e n t  w i t h  sur face  growth being due p r i m a r i l y  t o  a f i r s t  
o rder  r e a c t i o n  of  acetylene w i t h  the  soo t  p a r t i c l e s ,  d iace ty lene p l a y i n g  a minor r o l e .  

We have found t h a t  the  
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I O N  CONCENTRATIONS I N  PREMIXED ACETYLENE FLAMES.* 

A l a r g e  v a r i e t y  of i o n i c  s p e c i e s  have been observed i n  premixed C2H1/O2 f lames.  In  
nonsooting f lames,  t h e  major i o n i c  s p e c i e s  are of low mass (19 OK 39 amu) wh i l e  i n  f u e l  
r i c h ,  soo t ing  flames,  much h ighe r  i on  masses a r e  observed,  i n  Support  of an i o n i c  s o o t  
Precursor  mechanism. In  o rde r  t o  e v a l u a t e  t h e  r o l e  of flame chemi-ions i n  t h e  s o o t  i n i -  
t i a t i o n  process ,  we have used t h e  e l e c t r o s t a t i c  Langmuir probe technique t o  measure abso- 
l u t e  t o t a l  i o n  concen t r a t ion  p r o f i l e s  a s  f u n c t i o n s  of he igh t  above t h e  burner  i n  low 
p res su re ,  laminar premixed C z H z / O Z  and C,H,/O,/M (M = d i l u e n t )  f lames wi th  equivalence 
r a t i o s ,  $, from cons ide rab ly  l e s s  than t o  s i g n i f i c a n t l y  g r e a t e r  than t h e  th re sho ld  equiv- 
a l e n c e  r a t i o ,  oc ,  where s o o t  is  f i r s t  observed.  
c r e a s e s  with inc reas ing  equ iva lence  r a t i o  i n  both nonsoot ing and s o o t i n g  f lames.  However, 
i n  very f u e l  r i c h  s o o t i n g  f lames t h e  maximum ion  concen t r a t ion  e v e n t u a l l y  begins  t o  in -  
c r e a s e  wi th  f u r t h e r  f lame enrichment.  This  phenonenon and t h e  observed temperature  
e f f e c t s  on t h e  ion  p r o f i l e s ,  i on  concen t r a t ions ,  and s o o t  t h re sho ld  w i l l  be  desc r ibed .  
The impl i ca t ions  of t h e  obse rva t ions  on t h e  i o n i c  theory of s o o t  formation w i l l  be  
d i scussed .  

D.G.  K e i l ,  R . J .  G i l l ,  and 1 D.B.  Olson 

The maximum flame ion  concen t r a t ion  de- 

*Work supported by DOE-Pittsburgh Energy Technology Center under Contract  No. DE- 
AC22-80PC30304 and A i r  Force Of f i ce  of S c i e n t i f i c  Research under Contract  No. 
F49620-81-C-0030. 

REACTIVITIES A N D  STRUCTURES OF C H g  IONS A N D  THEIR RELATIONSHIP TO SOOT FORMTION. 
F. W .  B r i l l ,  T. J .  Buckley, and 5 .  R .  E  l e r ,  Department of Chemistry,  University 

of F lo r ida ,  Ga inesv i l l e ,  F lor ida  32611 and <. G .  L ias  and P .  J .  Ausloos,  National 
Bureau of S tandards ,  Washington, D.C .  

c l e a t i o n  in  f u e l - r i c h  flames ( 1 ) .  
of ion-molecule r e a c t i o n s  invo lv ing  known flame ions  and n e u t r a l s ,  and of using a 
v a r i e t y  of mass spec t romet r i c  techniques  t o  de te rmine  t h e  s t r u c t u r e s  of t h e  va r ious  
i somer ic  ions  which may be involved i n  t h e s e  r eac t ions .  Early work concent ra ted  on 
C Ht i ons ,  bu t  s t u d i e s  have now been extended t o  C5HS. 
b$ jormed by e l e c t r o n  impact on neut ra l  p recu r so r s ,  and we have determined t h e i r  ion- 
molecule r eac t ion  r a t e  c o n s t a n t s  w i t h  a number o f  n e u t r a l s  found in  f lames ,  and have 
c a r r i e d  out  both experimental  and t h e o r e t i c a l  s t u d i e s  t o  he lp  determine which of many 
poss ib l e  s t r u c t u r e s  should be ass igned  t o  each isomer. 
w i l l  be presented and their re levance  t o  i o n i c  soot formation mechanisms d i scussed .  

H .F .  Ca lco te ,  Combustion and Flame 42, 215 (1981) .  

P . J .  Ausloos and S.G. L ia s ,  J .  Amer. Chem. SOC. E, 6505 (1981) .  

F.W. B r i l l  and J.R. Ey le r ,  J .  Phys. Chem. 85, 1091 (1981) .  

20234. 

Ion-molecule r e a c t i o n s  have been proposed as  important i n  t h e  process  of s o o t  nu -  
We have begun ( 2 , 3 )  a program of measuring t h e  r a t e s  

Several  i somer ic  C5Hg ions  can 

, S t r u c t u r e  and r e a c t i v i t y  r e s u l t s  

1. 

2 .  

3. 
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THE DEPENDENCE OF SOOT YIELD ON FLAME CONDITIONS -- A UNIFYING PICTURE. 
Howard S. H u  
NJ 07036. 

Exxon Research and Engineer ing Company, P. 0. Box 51, Linden, 

A p l o t  i s  presented which summarizes the t rends  o f  soo t  y i e l d  as a f u n c t i o n  
o f  f lame temperature and equivalence r a t i o  f o r  bo th  premixed flames and d i f f u s i o n  
flames. 
f r o m  publ ished data. For u n d e r v e n t i l a t e d  d i f f u s i o n  flames, the  inc rease i n  soot 
y i e l d  w i t h  inc reas ing  flame temperature and w i t h  a d d i t i o n  o f  small amounts o f  oxygen 
t o  t h e  fuel  s i d e  are represented. 
w i t h  inc reas ing  equivalence r a t i o  and t h e  decrease i n  soot  y i e l d  w i t h  inc reas ing  
flame temperature are represented. 
y i e l d  i s  a f u n c t i o n  of  heterogeneous post-flame o x i d a t i o n  which i s  discussed 
separately from the  p l o t .  
temperature versus equivalence r a t i o  are included. 
burner experiment -- a c o n s o l i d a t i o n  o f  experiments c i t e d  i n  the  l i t e r a t u r e  -- i s  
presented t o  show how t h e  p l o t  u n i f i e s  much phenomenological data on soot format ion.  
Armed w i t h  t h i s  summary, a researcher should be b e t t e r  ab le  t o  i n t e r p r e t  the complex 
changes o f  soo t  y i e l d  w i t h  o p e r a t i n g  c o n d i t i o n s  of p r a c t i c a l  devices. 

Schematic contours o f  soo t  y i e l d  are drawn t o  represent  t rends induced 

For premixed flames, t h e  inc rease i n  soot  y i e l d  

For o v e r v e n t i l a t e d  d i f f u s i o n  flames, the  soot 

For reference, c a l c u l a t e d  values o f  a d i a b a t i c  f lame 
A h y p o t h e t i c a l  l a b o r a t o r y  

KINETICS OF COAL PARTICLE GASIFICATION.* T.G. DiGiuseppe, S. Madronich, and W. 
F e l d e r ,  AeroChem Research Labora tor ies ,  I n c . ,  P.O. Box 12 ,  Pr ince ton ,  NJ 08540 

An understanding of t h e  chemica l  and p h y s i c a l  p r o c e s s e s  of c o a l  g a s i f i c a t i o n  may be 
obtained through a d e t a i l e d  s t u d y  of  t h e  k i n e t i c s  of  v o l a t i l e  r e a c t i o n  products  re leased  
during p y r o l y s i s  of  c o a l  p a r r i c l e s .  
of t h e  chemical t ransformat ions  o c c u r r i n g  d u r i n g  t h e  g a s i f i c a t i o n  of  c o a l  p a r t i c l e s ,  
using AeroChem's High Temperature  Fas t  Flow Reactor  (HTFFR). 
p a r t i c l e s  are e n t r a i n e d  i n t o  t h e  HTFFR through a f l u i d i z e d  bed and are pyrolyzed,under  
c o n t r o l l e d  c o n d i t i o n s  of tempera ture ,  p r e s s u r e ,  and gas  f low v e l o c i t y .  
mechanis t ic  in format ion  i s  obta ined  by r e a l  time d e t e c t i o n  of  t h e  pr imary products  of 
t h e  pyro lyz ing  c o a l .  I n  our  i n i t i a l  exper iments ,  g a s  chromatography has  been used f o r  
t h e  d e t e c t i o n  of carbon monoxide, methane, water, and carbon d ioxide .  Q u a n t i t a t i v e  
measurements of t h e  c o n c e n t r a t i o n s  of  t h e s e  s p e c i e s  have been obta ined  f o r  100 !Jm diam 
c o a l  p a r t i c l e s  pyro lyz ing  a t  tempera tures  from 1000 K t o  1300 K a t  p r e s s u r e s  t o  50 Torr ,  
and res idence  t imes  from 0 . 5  t o  1 . 5  s. 
techniques a r e  c u r r e n t l y  b e i n g  used f o r  t h e  q u a n t i t a t i v e  d e t e c t i o n  of hydrocarbon prod- 
ucts. These results w i l l  be  a p p l i e d  t o  the  development of  b a s i c  q u a n t i t a t i v e  models of 
t h e  c o a l  g a s i f i c a t i o n  process .  

We have r e c e n t l y  begun a s y s t e m a t i c  i n v e s t i g a t i o n  

Fresh ly  prepared s i z e d  Coal 

K i n e t i c  and 

Gas chromatographic  and mass spec t romet r ic  

* 
Work supported by the Gas Research Inst i tute  under Cont rac t  No. 5081-360-0531. 
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KED)RETICAL IMrESTICATIONS OF RFACTION PAWAYS FOR ?HE OXIDATION OF NH AND NH2 
RADICALS! C. F. Melius and J. S. Binkley. Sandia  Nat iona l  Labora tor ies ,  Livermore 

! Cal i fo rn ia  9 4 5 5 0 .  1 
Reaction in te rmedia tes  and p o s s i b l e  products  f o r  t h e  r e a c t i o n s  of t h e  NH and NHz 

r a d i c a l s  wi th  0, 02 and NO have been i n v e s t i g a t e d  us ing  t h e  r e c e n t l y  developed BAC-bP4 
method (bond-addi t iv i ty  c o r r e c t i o n s  a p p l i e d  t o  f o u r t h - o r d e r  M l l e r - P l e s s e t  p e r t u r b a t i o n  
theo ry ) .  
t r a n s i t i o n  s t r u c t u r e  spec ie s  us ing  a  s p l i t - v a l e n c e  p o l a r i z e d  b a s i s  a t  t h e  Hartree-Fock 

p e r t u r b a t i o n  theory t o t a l  ene rg ie s  a r e  combined wi th  t h e  b o n d - a d d i t i v i t y  c o r r e c t i o n s  t o  
o b t a i n  f i n a l  t o t a l  ene rg ie s .  
have not  been performed, e s t i n a t e s  of t h e  b a r r i e r s  a r e  nade. These r e s u l t s  a r e  used t o  
p r e d i c t  l i k e l y  pathways f o r  r e a c t i o n s  of  t hese  spec ie s  o c c u r r i n g  under va r ious  tempera- 
t u r e  and p res su re  cond i t ions .  
da t a  and wi th  var ious  chemical k i n e t i c s  models used i n  combustion. 

S t a t iona ry -po in t  geometries have been c a l c u l a t e d  f o r  s t a b l e  minima and s e l e c t e d  
I 
I l e v e l .  Using these  geometries ze ro -po in t  v i b r a t i o n a l  c o r r e c t i o n s  and f o u r t h - o r d e r  

I n  those  cases  where t r a n s i t i o n  s t r u c t u r e  c a l c u l a t i o n s  

Our r e s u l t s  a r e  compared w i t h  a v a i l a b l e  e x p e r h e n t a l  

*This work was sLipported by t h e  U.S. Dept. o f  Energy. 

LASER PHOTOLYSIS/LASER-INDUCED FLUORESCENCE KINETIC STUDIES OF ELEMEmARY COMBUSTION 
REACTIONS.* Frank P. Tul ly ,  Applied Physics  Div is ion ,  Sandia  Nat iona l  L a b o r a t o r i e s ,  

Livermore, CA 94550. 

A new, laser -based ,  chemical  k i n e t i c s  technique  has  been demonstrated i n  s t u d i e s  of 
t h e  r e a c t i o n s  of t h e  hydroxyl r a d i c a l  wi th  pro to type  hydrocarbon f u e l  molecules. 
ing  r e a c t i o n  i n i t i a t i o n  by excimer laser p h o t o l y s i s ,  t ime-resolved OH concent ra t ion  pro- 
f i l e s  were measured wi th  a h i g h l y  s e n s i t i v e ,  quasi-cw, laser- induced f luorescence  method 
The v i s i b l e  output  of  a synchronously pumped dye l a s e r ,  a t r a i n  of  p u l s e s  of 3-6 n J  
energy and 8-10 ps d u r a t i o n  a t  a r e p e t i t i o n  r a t e  of 246 MHz, h a s  been frequency-doubled 
us ing  temperature- and angle-tuned SHG c r y s t a l s .  
u l t r a v i o l e t ,  l a s e r  r a d i a t i o n  has  been generated.  OH f luorescence  was e x c i t e d  a t  308.16 

i n  S/B over those  o b t a i n a b l e  wi th  resonance lamp d e t e c t i o n ,  were c o l l e c t e d  a s  f u n c t i o n s  
of gas  mixture composition. Absolute  r e a c t i o n  r a t e  c o e f f i c i e n t s  were measured over  t h e  
temperature  and pressure  ranges 291-1000 K and 50-600 Torr ,  r e s p e c t i v e l y .  Mechanis t ic  
information was obta ined  d i r e c t l y  from t h e  OH decays and as a result of deuter ium sub- 
s t i t u t i o n  in  r e a c t a n t s .  For example, i n  t h e  r e a c t i o n  between hydroxyl  r a d i c a l s  and 
e t h y l e n e ,  t h e  mechanism i s  dominated a t  low tempera tures  by e l e c t r o p h i l i c  a d d i t i o n  of OH 
t o  t h e  double bond, and ,  a s  t h e  temperature  i s  r a i s e d ,  by i n c r e a s i n g l y  rap id  decomposi- 
t i o n  of  the thermalized adduct HOC2H4 back t o  r e a c t a n t s .  The c u r r e n t  s ta tus  of exper i -  
ments utilizing t h i s  powerful technique  will be d iscussed .  

*This work was supported by t h e  U.S. Department of Energy. 

Follow- 

h 

More than  50 mW of quasi-cw, t u n a b l e  

I nm, and OH decay p r o f i l e s ,  c h a r a c t e r i z e d  by a t  l e a s t  one o r d e r  of magnitude improvement 

LASER pYROLYSIS/LASER FLUORESCENCE MEASUREMENT OF THE OH + C2H2 REACTION RATE NEAR 
1200 K . Paul W. F a i r c h i l d ,  Gregory P. Smith, and David R. Crosley.  

SRI  I n t e r n a t i o n a l ,  Menlo Park,  C a l i f o r n i a  94025. 

A l a s e r  p y r o l y s i s / l a s e r  f luorescence  appara tus  has  been used t o  measure t h e  rate 
cons tan t  f o r  the  r e a c t i o n  of hydroxyl r a d i c a l s  wi th  a c e t y l e n e  a t  temperatures  near  
1200 K. was i r r a d i a t e d  wi th  a pulsed C02 l a s e r ,  caus ing  
rap id  hea t ing  and pyrolyzing t h e  peroxide t o  form OH r a d i c a l s .  The OH concent ra t ion  is 
then measured using f luorescence  f r o n  e l e c t r o n i c a l l y  e x c i t e d  OH. This  is produced by a 

A mixture  of SF6, N2 and H 0 2 2  
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frequency doubled dye l a s e r ,  f i r e d  a f t e r  a v a r i a b l e  t ime de lay  fol lowing the  C02 l a s e r .  
Addition of CZHz causes  a dec rease  in t he  OH s i g n a l  w i th  t ime,  p remi t t i ng  a measurement of 
t h e  r a t e  cons t an t .  Experiments were performed a t  a t o t a l  p re s su re  of 40 t o m  and a 
temperature o f  1160 f 50 K as determined by r o t a t i o n a l  e x c i t a t i o n  scans i n  the OH. A 
value of 4 x 10-13cm3/sec was determined f o r  t h e s e  c o n d i t i o n s ;  measurements extendlng t h e  
range of temperature  and p res su re  a r e  f n  p rogres s .  

*Supported by t h e  Department of Energy under Contract  DE-AC03-81ER10906. 

MEASUREMENT OF THE C z  ( a3n  ) DISAPPEARANCE RATES WITH 0 2  IN THE 298 - 1300 K 
TEMPERATURE RANGE. Steven E. Baughcum and Richard C .  Oldenborg, Un ive r s i ty  of 

C a l i f o r n i a ,  Los Alamos Nat ional  Laboratory,  Chemistry Div i s ion ,  Los Alamos, New 
Mexico, 87545. 

The disappearance r a t e s  o f  C Z  (a'n ) (PO, v = l ,  and v=Z) i n  t h e  presence of 0 2  have 
been measured ove r  t h e  298-1300 K t e m p e d t u r e  range.  
d i s s o c i a t i o n  o f  CFaCCCFs a t  193 nm and probed by laser- induced f luo rescence  tuned t o  t h e  
dC3n ) f a(311 ) t r a n s i t i o n .  
tempgrature i': f i t  extremely we l l  by t h e  Arrhenius  expres s ion  Yk(T) A exp (-E/RT)) with 
a b a r r i e r  o f  0 .97 kcal/mole.  The q u a l i t y  of  t h e  f i t  ove r  such a l a r g e  temperature  range 
provides  a t e s t  o f  p rev ious ly  proposed models o f  t h e  C Z  + 0 2  system, which do not  p r e d i c t  
simple Arrhenius  behavior .  Our r e s u l t s  a r e  c o n s i s t e n t  w i th  a model i n  which t h e  e q u i l i -  
b r a t i o n  r a t e  between C Z  (a3JI ) and Cz (X  ' E + )  i n  t h e  p re sence  o f  02 i s  t h e  r a t e  limiting 
s t e p ,  r a t h e r  t han  t h e  react& rate.  The measured-barr ier  h e i g h t  o f  0.97 kcal/mole i s  
then  t h e  b a r r i e r  f o r  i n t e r sys t em c r o s s i n g  i n  t h e  'CZ + 02 + ' C Z  + 02 r e a c t i o n .  
a l  experiments on  C Z  (X  'E+) k i n e t i c s  w i l l  be  p re sen ted .  

The C Z  i s  produced by 2-photon 

The disappearance r a t e  o f  C z  ( a3n  ) (v=O) a s  a func t ion  of 

Addition- 

g 

REACTION OF C H WITH 0 : RATE CONSTANT FOR CO FORMATION. A .  H .  LAUFER 
and R.  L E C H L E T D E R ,  Nat?onal Bureau of Standards,  Chemical Kinetics 
Div i s ion ,  Center f o r  Chemical Physics ,  Washinton, DC 20234. 

The r a t e  c o n s t a n t  f o r  CO product ion from t h e  reaction o f  C H w i t h  0 has been i n -  
v e s t i g a t e d  us ing  f l a s h  p h o t o l y s i s  of a s u i t a b l e  C H precursor i6  conjunc?ion with 
a n a l y s i s  o f  CO by abso rp t ion  i n  t h e  vacuum u l t r a v ? o l e t .  
determined by t i t r a t i o n  wi th  added a lkanes  fol lowed by gas  chromatogrTghi5 a n a l y f i s l o f  
product C H 2 :  
CO increage i s  b e s t  explained as o r i g i n a t i n g  from two primary reaction channels  

C2H concen t r a t ions  were 

The r a t e  cons t an t  was determined t o  be 4 .0  2 0.5 x 10- cm molec- s 

a )  

b )  

. The 

C2H t O2 = C2H0 t 0 

C2H t O2 = CO t HCO 

The  best f i t  to  the d a t a  sugges t s  tha t  ( a )  represents 20% o f  the t o t a l  process. The 
r e l a t i o n s h i p  o f  the  C2H t O2 rate cons t an t  t o  those for r e a c t i o n  of C2H w i th  hydrocarbons 
w i l l  be d i scussed .  
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REACTION OF CARBON MONOXIDE WITH OXYGEN ATOMS PRODUCED I N  THE THEWAL DECOEIPOSITION 
OF OZONE, S .  Toby, S. She th ,  F.S. Toby, Dept. of Chemistry,  Rutgers U n i v e r s i t y ,  
Piscataway, N J  08854  

The r e a c t i o n  o f  CO wi th  O3 h a s  been r e i n v e s t i g a t e d  i n  t h e  range  8O-16O0C and i t  was 
shown t h a t  t h e  prev ious ly  repor ted '  complex rate law occurs  as t h e  r e s u l t  o f  a c h a i n  re -  

computer s imula t ion  o f  t h e  system. 
duced t o  t h e  sequence O3 + CO 1, O(3P) + O2 + CO,  O(3P) + O3 > 202 followed by r e a c t i o n s  
o f  O(3P) with CO. 
i n t e n s i t y  w e  measured kq/k2 f o r  O(3P) + CO 
were found t o  have t h e  same tempera ture  dependence i n  t h e  range  s t u d i e d .  There was no 
t h i r d  body e f f e c t  on r e a c t i o n  k which i s  i n  agreement wi th  t h e  mechanism p o s t u l a t e d  by 
Pravi lov  and Smirnova3. 

1. S .  Toby and E. U l l r i c h ,  I n t .  J. Chem. Kins. ,  12, 535 (1980).  
2. D.H.  Stedman, D . K .  Branch and R. Pearson, Anal. Chem., 51, 2340 (1979). 
3 .  A.M. Prav i lov  and L.G. Smirnova, K i n e t i k a i K a t a l i z ,  22, 832 (1981). 

I a c t i o n  i n i t i a t e d  by t r a c e  i m p u r i t i e s  i n  t h e  CO. This  conclus ion  was also i n  accord wi th  a 
When t h e  CO was r i g o r o u s l y  p u r i f i e d 2  t h e  r e a c t i o n  re- 

These r e a c t i o n s  l e a d  t o  chemiluminescence and*by measuring t h e  e m i t t e d  
C02(3B2). The r a t e s  of r e a c t i o n s  4 and 2 

I 

257 


